Background: To evaluate the role of blood vascular endothelial growth factor (VEGF) kinetics in patients with locally advanced esophageal squamous cell carcinoma (ESCC) receiving curative concurrent chemoradiotherapy (CCRT).
Background
Esophageal squamous cell carcinoma (ESCC) is one of the most fatal human malignancies with an increasing incidence worldwide. In Taiwan, ESCC ranks the ninth leading cause of cancer-related deaths [1] . At present, surgery is the main treatment for early stage ESCC; however, most ESCC patients were diagnosed with initial presentation of dysphagia, contributing to locally advanced disease and clinical unresectable status. For these locally advanced ESCC patients, concurrent chemoradiotherapy (CCRT) is one of the standard treatment modalities rather than radical esophagectomy. However, even though there were significant development in surgical technique, medical treatment and supportive care, the clinical prognosis of these ESCC patients remains unsatisfactory [2] [3] [4] [5] [6] . Local recurrence, metastatic spread, and resistance to chemotherapy/radiotherapy contribute to the poor prognosis of these patients. Therefore, identifying a robust predictive biomarker or biomarkers to guide therapeutic selection is very important.
Angiogenesis implies complex cellular and molecular interactions between tumor cells, soluble chemokines/cytokines and extra-cellular matrix components, and plays a crucial role in the tumor cell proliferation, invasion, migration, metastasis and disease progression. Folkman et al. reported that the development of new blood vessels are necessary to feed tumor cells themselves, and promote the proliferation, migration and metastasis of tumor cells; furthermore, several previous historical observations have demonstrated the crucial role of angiogenesis in cancer development [7] . The molecular factors of angiogenesis have been characterized by previous studies, and vascular endothelial growth factor (VEGF) family is the most prominent stimulating angiogenic factor, contributing to the foremost controller of physiological and pathological angiogenesis. VEGF can be produced by tumor cells, macrophages, platelets, stroma, and other host cells, and plays a significant role in various aspects of cancer development, such as tumor cell differentiation, the promotion of tumor cell invasion and migration, endothelial cell proliferation, and increasing the vascular permeability of endothelial cells [8] [9] [10] [11] . Several studies have revealed that elevated baseline levels of VEGF are related to worse outcomes following chemoradiotherapy in esophageal cancer patients [12, 13] . Moreover, growing evidences have shown that the blocking of VEGF-mediated signaling pathways can potentiate the effect of radiotherapy [14] . However, the correlation, if any, between clinical outcomes and changes in VEGF levels over the course of CCRT in ESCC patients remains unclear.
In the present study, locally advanced ESCC patients who underwent CCRT as a curative treatment in our hospital were enrolled. Blood samples were collected from the patients before and after chemotherapy in order to determine their serum levels of VEGF. The aim of the study was to evaluate the role of VEGF levels in locally advanced ESCC patients receiving curative CCRT.
Methods

Patient selection
Any patients with locally advanced ESCC who were treated with curative CCRT at Kaohsiung Chang Gung Memorial Hospital between January 2010 and December 2015 were considered potential candidates for this study. Of those patients, however, any with a history of second primary malignancy and any who had distant metastasis were excluded. We also excluded any patients who received any other therapeutic modality, such as surgical resection or induction chemotherapy, before receiving curative CCRT. Finally, a total of 97 ESCC patients were enrolled. These patients had their blood drawn at the following three time points to determine their levels of VEGF at those time points: pre-chemotherapy (day 0), post-chemotherapy (day 5), and pre-cycle 2 chemotherapy (day 28). Each ESCC patient included in the study underwent chest computed tomography (CT), endoscopic ultrasonography (EUS), and positron emission tomography (PET) scans to determine the clinical tumor stage according to the 7th American Joint Committee on Cancer staging system. These tests were performed according to the protocol described in the previously published studies [15, 16] .
Serum VEGF measurement
Peripheral blood samples were drawn into sterile glass tubes after an overnight fast, allowed to coagulate at room temperature for 30 min, and then centrifuged at 2000 g for 10 min. After that, the serum was separated, aliquoted, and stored at − 70°C until assay. The serum samples of the 97 ESCC patients were measured for circulating VEGF using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Quantikine; R&D Systems Abingdon, UK). The manufacturer's protocols were followed, and the samples were measured in duplicate, with the mean value being taken as the final concentration. ELISA plates were read using the Emax Precision Microplate Reader (Molecular Devices, Sunnyvale, CA, USA). Standard curves were generated and sample values were determined. Intra-assay and inter-assay validation were also performed. Subsequently, a total of 6 VEGF values were determined for each patient, including a day 0 value, day 5 value, day 28 value, day 5/day 0 ratio, day 28/day 0 ratio, and day 28/day 5 ratio. The normal range of VEGF for healthy subjects in East Asia was found to be 79.6 ± 39.2 pg/mL in a previous study, so the value of 80 pg/mL was selected as the cut-off level in this study [17] .
CCRT planning
The details of the radiotherapy (RT) treatment were as follows. All of the patients underwent CT-simulation and were immobilized in customized thermoplastic devices. The images were acquired from the upper neck through the upper pelvis with 5 mm slice thickness. The patients' target volumes were then delineated by their treating radiation oncologists. The gross target volume (GTV) covered all of the gross tumor and LNs noted on pre-treatment CT and PET-CT images. The clinical target volume (CTV) encompassed the entire esophagus and mediastinum to cover all LN routes. The planning target volume (PTV) was generated from the corresponding CTV with 1.0-2.0 cm expansion in all directions. The three-dimensional conformal radiotherapy (3D-CRT) technique or the intensity-modulated radiotherapy (IMRT) technique with 6-MV or 10-MV photon beams were used for treatment planning and radiation delivery. The prescribed dose to the PTV was 50-50.4 Gy in 25-28 daily fractions, 5 days a week.
Chemotherapy consisted of cisplatin (75 mg/m 2 ; 4-h infusion) on day 1 and 5-fluorouracil (1000 mg/m 2 ; continuous infusion) on days 1-4 every 4 weeks, and was arranged concurrently with radiotherapy. For Fig. 1 Comparison of progression-free survival curves for 97 esophageal squamous cell carcinoma patients in different VEGF groups. a VEGF day 28 value. b VEGF day 28/day 5 ratio patients with creatinine clearance < 60 mL/min, carboplatin was used instead of cisplatin. The chemotherapy and radiotherapy were administered according to the protocol described in the previously published studies [15, 16] .
Statistical analysis
Comparisons between the groups were performed using the chi-square test, Fisher's exact test, and t-test for categorical variable data. Progression-free survival (PFS) was calculated from the date of starting treatment for the esophageal cancer to the date of disease progression or death from any cause, and overall survival (OS) was calculated from the date of diagnosis of the esophageal cancer to the date of death or last contact. The Kaplan-Meier method was used to estimate PFS and OS, and the log rank test was performed to evaluate the differences between the groups for univariate analysis. Multivariate analyses of the prognostic factors for survival were performed using the Cox proportional hazards model. The hazard ratios with 95% confidence intervals and P values were calculated to quantify the strength of the associations between the prognostic parameters and survival. The statistical analyses were performed with the SPSS 19 software package (IBM, Armonk, NY). All of the tests were two-sided tests, and P < 0.05 was considered statistically significant.
Results
Patient characteristics
Locally advanced ESCC patients who received curative CCRT in our hospital were selected. These patients all had their blood drawn in order to measure their levels of VEGF at three time points, including the pre-chemotherapy (day 0), post-chemotherapy (day 5), and pre-cycle 2 chemotherapy (day 28) time points. Of the 97 ESCC patients who were ultimately enrolled, 96 were men and only one was a woman, and they had a mean age of 56 years (range: 32 to 77 years). The tumor T status was found to be T1 in four (4%) patients, T2 in 11 (11%) patients, T3 in 29 (30%) patients, and T4 in 53 (55%) patients. Meanwhile, four (4%) patients were diagnosed as having N0 status, 27 (28%) patients were diagnosed as having N1 status, 39 (40%) patients were diagnosed as having N2 status, and 27 (28%) patients were diagnosed as having N3 status. Table 1 .
Clinical outcomes of ESCC patients receiving curative CCRT
With respect to PFS, there were no significant differences in terms of T status, N status, tumor stage, tumor grade, or tumor location in a univariate analysis. Meanwhile, better PFS was found in the total of 64 patients who were less than 60 years old in comparison with the 33 patients who were more than 60 years old (15.6 months versus 11.5 months, P = 0.044). Furthermore, the patients with VEGF < 80 pg/mL had superior PFS compared to those with VEGF > 80 pg/mL in the analysis of the day 0, day 5, and day 28 values, but there was only statistical difference in the analysis of day 28 value. The 29 patients who had VEGF < 80 pg/mL had better PFS than the 68 patients with VEGF > 80 pg/mL at day 28 (20.1 months versus 11.5 months, P = 0.029, Fig. 2 Comparison of overall survival curves for 97 esophageal squamous cell carcinoma patients in different VEGF groups. a VEGF day 28 value. b VEGF day 28/day 5 ratio Fig. 1a ). In addition, the patients with a day 5/day 0 ratio < 1, a day 28/day 0 ratio < 1, and a day 28/day 5 ratio < 1 had longer PFS than those patients with a ratio > 1, but statistical difference was only mentioned in the analysis of day 28/day 5 ratio. The 45 patients who had a day 28/day 5 ratio < 1 had superior PFS compared to the 52 patients with a day 28/day 5 ratio > 1 (18.5 months versus 8.2 months, P = 0.029, Fig. 1b) . Multivariate analysis revealed that young age (P = 0.04, hazard ratio: 0.63, 95% confidence interval: 0.40-0.98) was a significant independent factor in better PFS. In addition, a VEGF value < 80 pg/mL at day 28 (P = 0.028, hazard ratio: 0.59, 95% confidence interval: 0.37-0.94) and a day 28/day 5 ratio < 1 (P = 0.017, hazard ratio: 0.59, 95% confidence interval: 0.39-0.91) represented independent predictive factors of superior PFS, respectively. The analyses results of PFS in the 97 ESCC patients are shown in Table 2 . With respect to OS, there were no significant differences in OS in terms of age, T status, tumor stage, tumor grade, or tumor location in a univariate analysis. Meanwhile, better OS was found in the total of 32 patients with N0-1 status in comparison with the 65 patients with N2-3 status (25.5 months versus 12.9 months, P = 0.021). The 29 patients who had VEGF < 80 pg/mL had superior OS than the 68 patients with VEGF > 80 pg/mL (21.3 months versus 12.8 months, P = 0.029, Fig. 2a ). In addition, the patients with a day 5/day 0 ratio < 1, a day 28/day 0 ratio < 1, and a day 28/day 5 ratio < 1 had longer OS than those patients with ratio > 1, but statistical difference was only mentioned in the analysis of day 5/ day 0 ratio and day 28/day 5 ratio. The 52 patients with a day 5/day 0 ratio < 1 had longer OS than the 45 patients with a day 5/day 0 ratio > 1 (19.3 months versus 12.0 months, P = 0.026). The 45 patients who had a day 28/day 5 ratio < 1 had superior OS compared to the 52 patients with a day 28/day 5 ratio > 1 (20.9 months versus 8.6 months, P = 0.002, Fig. 2b ). According to a multivariate comparison, N0-1 status (P = 0.008, hazard ratio: 0.51, 95% confidence interval: 0.31-0.84) was a significant independent factor in better OS. In addition, a VEGF value < 80 pg/mL at day 28 (P = 0.014, hazard ratio: 0.52, 95% confidence interval: 0.31-0.88) and a day 28/day 5 ratio < 1 (P = 0.001, hazard ratio: 0.46, 95% confidence interval: 0.29-0.73) represented independent predictive factors of superior OS, respectively. The analyses results of OS in the 97 ESCC patients are shown in Table 3 .
Comparison between ESCC patients with increased and decreased VEGF
According to the survival analysis of PFS and OS, the VEGF day 28 value and VEGF day 28/day 5 ratio were the only two significant prognostic factors for both PFS and OS. In the analysis of the VEGF day 28 values, the baseline characteristics did not differ significantly between the VEGF < 80 pg/mL and VEGF > 80 pg/mL groups, including in terms of age, N status, tumor stage, tumor grade, and tumor location, with the exception of T status. The VEGF > 80 pg/mL group included a higher percentage of OS overall survival; VEGF vascular endothelial growth factor; HR hazard ratio; CI confidence interval a Statistically significant patients with advanced T status than the VEGF < 80 pg/ mL group (90% versus 72%, P = 0.031). The clinicopathological parameters of these patients are shown in Table 4 . Moreover, in the analysis of the VEGF day 28/day 5 ratios, there were no significant difference in the baseline characteristics between the ratio < 1 and ratio > 1 groups, including in terms of age, T status, N status, tumor stage, tumor grade, and tumor location. The clinicopathological parameters of these patients are shown in Table 5 .
Discussion
The role of angiogenesis in the tumor growth and progression of cancer has been well documented, and angiogenesis is regulated by a balance between activator and inhibitor molecules, which are produced by both tumor cells, stroma and host cells. As angiogenesis is the central part of tumor growth and disease progression, the proliferation, migration, invasion, and metastasis of tumor cells are associated with angiogenic activity. Therefore, there may be a relationship between the responsiveness to a given anti-cancer treatment, such as chemotherapy or radiotherapy, and angiogenic activity. Several studies have shown that assessments of angiogenic activity may predict treatment responses to chemotherapy or radiotherapy and provide independent prognostic factors, such as tumor size, lymph node involvement, or distant metastasis [18] [19] [20] [21] . VEGF is one of the most important biomarker of angiogenesis, and the clinical impact of circulating VEGF has been extensively studied [22] [23] [24] [25] . Several studies have investigated the relationship between angiogenesis and tumor responses to treatments such as chemotherapy or radiotherapy in several types of cancer. Dirix et al. reported that serum VEGF levels were higher in cases of progressive disease than in cases of responsive disease in untreated and treated metastatic cancer patients [26] . Another study, reported by Hyodo, demonstrated that low plasma VEGF levels were significant associated with higher responsiveness to chemotherapy and better OS in patients with gastrointestinal cancer [27] . Subsequently, a Japanese study revealed that high serum levels of VEGF were found to be associated with tumor progression, poor treatment response, and poor survival in esophageal cancer patients [28] . For ESCC patients, a Chinese study showed that serum VEGF level was higher in ESCC patients than in health control, and the changes of serum VEGF level before and after treatment may provide prognostic information [29] . In contrast, VEGF was regarded as a negative biomarker in a systematic review; however, these tests have been studied by different methods at different institutions in different populations, so a large prospective study will be needed to confirm the reliability in the future [30] . In theory, measurements of circulating VEGF may be significant in predicting tumor responses to anti-cancer therapies, but there have been some limitations in using such measurements for that purpose so far. For example, the prognostic and predictive significance reported by several studies are not consistent, such that the clinical relevance of serum levels of VEGF among different studies in different cancer types varies extensively. In addition, the serum VEGF levels of cancer patients and healthy people may be overlapped. Therefore, pre-treatment serum VEGF levels do not effectively predict treatment responses, and defining an optimal cutoff value for use in clinical practice is very difficult, contributing to limit the potential of such levels to serve as a clinically valuable biomarker. However, growing evidences have shown that post-treatment changes in circulating VEGF levels are highly related to responses to treatment, such that it may be quite significant to monitor responses to anti-cancer therapies in clinical practice according to post-treatment changes in circulating serum VEGF levels [31] [32] [33] . In this study, we found that ESCC patients with lower post-treatment VEGF levels and post-treatment/pre-treatment VEGF ratios < 1 had both superior PFS and OS, and this finding was also compatible with the findings of previous studies.
In the present study, ESCC patients with lower T status had longer PFS and OS than those with advanced T status, but there was no statistical significance to these differences. In addition, the effect of lymph node metastasis is also controversial; N status is a prognostic factor in the analysis of OS, but in this study, there was no significant difference in the analysis results of PFS between the ESCC patients with higher and lower N statuses, although PFS was still longer in the patients with lower N status than those with higher N status. Moreover, patients with VEGF < 80 pg/mL at day 0, day 5, and day 28 had better PFS and OS than those with VEGF > 80 pg/ mL, although statistical significance was only mentioned at day 28 value. The same findings were also found in the analysis of post-treatment/pre-treatment VEGF ratios. Patients who had a ratio < 1 at day 5/day 0, day 28/ day 0, and day 28/day 5 had superior PFS and OS than those with ratio > 1; however, the difference was only significant for the day 28/day 5 ratios. These results may be related, however, to the small number of patients included in the study.
Our study had several limitations. First, it was a retrospective study of patients treated at a single institution, and the number of enrolled patients was relatively small. Second, there was no information regarding VEGF levels when these patients experienced disease progression, so the correlations, if any, between tumor progression and the sequential changes in VEGF were unclear. Third, because of the limited number of patients, non-bias matching analysis was not available when using the propensity score matching method. Currently, most studies focus on the role of VEGF in monitoring responses and predicting the outcomes of treatment, and measurements of the sequential changes in VEGF may be useful in selecting patients for specific therapies. Nonetheless, to the VEGF vascular endothelial growth factor best of our knowledge, this study constitutes the largest series thus far to investigate the role of VEGF changes in ESCC patients who underwent curative CCRT, and it may thus be useful for understanding the novel mechanism of the investigated disease entity.
Conclusion
The results of our study suggest that VEGF kinetics is a prognostic factor for locally advanced ESCC patients receiving curative CCRT. For these patients, lower post-treatment VEGF levels and decreasing levels of VEGF during CCRT are significantly associated with better clinical outcomes. 
